INTRODUCTION
============

Neurogenic bladder dysfunction is associated with different neurological disease conditions and characterized by detrusor overactivity (DO), urinary incontinence (UI) and impaired quality of life (QoL). The International Continence Society defines DO as a urodynamic observation characterized by involuntary detrusor contractions during the filling phase, which may be spontaneous or provoked \[[@b1-inj-1732646-323]\]. "Overactive bladder" is characterized as a symptom complex of urinary urgency with or without urge incontinence, but usually with high frequency of nocturia. "Neurogenic detrusor overactivity (NDO)" is a special type of overactive bladder associated with concurrent underlying neurological conditions such as injury to the spinal cord or multiple sclerosis \[[@b2-inj-1732646-323]\]. DO frequently occurs in combination with detrusor sphincter dyssynergia, posing a threat to the upper urinary tract \[[@b3-inj-1732646-323]\].

Oral antimuscarinic agents are recommended as first-line treatment for NDO patients. These treatment regimens have been demonstrated to reduce the number of UI episodes, thereby improving urodynamic parameters and the QoL. However, long-term treatment with antimuscarinic agents may be suboptimal as a result of bothersome side effects and the drugs' loss of efficacy over time \[[@b4-inj-1732646-323]\]. A more effective agent that can be delivered orally is not yet available. Hence, a new option that is effective and well tolerated for NDO treatment is needed.

Intradetrusor injection of onabotulinumtoxinA is a secondline treatment for NDO. It has been demonstrated to achieve profound inhibition of NDO and avoid high systemic levels at doses of 200 U, 300 U, and 500 U in several randomized placebo-controlled trials \[[@b5-inj-1732646-323]-[@b9-inj-1732646-323]\]. However, the optimal dose and adverse events associated with such treatment are controversial. Although Zhou et al. \[[@b10-inj-1732646-323]\] and Zhang et al. \[[@b11-inj-1732646-323]\] have compared the efficacy and adverse events of onabotulinumtoxinA treatment, Zhou et al. included only 4 publications and was not able to analyze the dose of 500 U. Patients with NDO often have severe symptoms, which means a high dose of injected onabotulinumtoxinA is warranted. Zhang et al. also neglected to study the risk of urinary retention (UR), which has since proven to be a substantial problem. We therefore conducted a meta-analysis to evaluate the efficacy and adverse events associated with onabotulinumtoxinA injection for NDO treatment, which might contribute to resolving such controversies.

MATERIALS AND METHODS
=====================

Search Strategy
---------------

A systematic search of the literature was undertaken using MEDLINE (1966 to May 2015), Embase (1993 to May 2015) and the CENTRAL databases to retrieve published randomized controlled trials (RCTs) investigating use of intradetrusor injections of onabotulinumtoxinA for NDO treatment. In addition, references of retrieved articles were screened. We searched the database by using combinations of the following terms: "onabotulinumtoxinA, neurogenic detrusor overactivity, randomized controlled trial". A total of 6 publications were included in our analysis \[[@b5-inj-1732646-323]-[@b8-inj-1732646-323],[@b12-inj-1732646-323],[@b13-inj-1732646-323]\].

Inclusion Criteria and Selection of RCTs
----------------------------------------

The following criteria were used to select RCTs: (1) OnabotulinumtoxinA treatment was included in the study. (2) Accurate data were available for analysis (including the total number of subjects and the values of each index. (3) The full text of the study could be accessed. If the same study was published in different years or in different journals, only the most recent publication was used. If the same research team studied a group of subjects in different experiments, then each study was included. A flow diagram of the study selection process is presented in [Fig. 1](#f1-inj-1732646-323){ref-type="fig"}.

Quality Assessment
------------------

Two authors (HY and YC) of this study reviewed the selected publications. All retrieved RCTs were included in the meta-analysis regardless of the quality score. We assessed the quality of identified RCTs on the basis of generation of the allocation sequence, concealment of the allocation, blinding, reporting, and other factors according to the Cochrane library recommendations. The studies were then rated and assigned according to the guidelines published in the *Cochrane Handbook for Systematic Reviews of Interventions* (version 5.1.0.16). Based on the criteria for quality assessment, each study was evaluated using one of the following quality categories: A, quality criteria were met adequately, and the study was deemed to have a "low" risk of bias; B, quality criteria was met only partially or were unclear, and the study was deemed to have a "moderate" risk of bias; C, quality criteria were not met or not included, and the study was deemed to have a "high" risk of bias. Differences in option related to categorization were settled by discussion between HY and YC.

Data Extraction
---------------

Each study was reviewed critically and the following information was collected: (1) name of the RCT, (2) characteristics of the study and patients, (3) study design and sample size, (4) injection dose, (5) country in which the study was carried out, (6) urodynamic parameters (mean number of UI episodes per week), maximum cytometric capacity (MCC) and maximum detrusor pressure (MDP) during the first involuntary detrusor contraction. The adverse events profile was assessed by the number of patients with urinary tract infections (UTIs) and UR. Data were retrieved by one person and evaluated by a second person.

Statistical Analysis and Meta-analysis
--------------------------------------

The meta-analysis was conducted using RevMan v.5.1.0 (Cochrane Collaboration, Oxford, UK). The mean number of UI episodes per week and the MCC and MDP during the first involuntary detrusor contraction were used for efficacy assessment. Change in the mean number of UI episodes per week was determined to be the main parameter. The proportion of UTIs and UR were used to reflect adverse events. The UTI proportion was determined to be the main parameter.

For continuous variables, the mean difference (MD) was calculated with a 95% confidence interval \[CI\]. The odds ratio (OR) with a 95% CI was calculated for all dichotomous variables. We use the DerSimonian and Laird random-effects model to pool data across studies \[[@b14-inj-1732646-323]\]. A fixed effects model was used if conspicuous heterogeneity was absent; otherwise, a random effects model was used. A subgroup analysis was carried out for some conditions.

RESULTS
=======

Characteristics of Individual Studies
-------------------------------------

The database search yielded 262 articles. According to the inclusion criteria described above, 6 RCTs that compared onabotulinumtoxinA with placebo were included in the analysis. Two hundred twenty-three articles were excluded after reading their titles and abstracts, 26 articles were not RCTs, and 7 articles lacked useful data. Baseline characteristics of the selected studies are listed in [Table 1](#t1-inj-1732646-323){ref-type="table"}. All patients were administered onabotulinumtoxinA by detrusor injections (1 mL each) avoiding trigone and evaluated at weeks 6 after treatment.

Quality of the Individual Studies
---------------------------------

All 6 RCTs were double blinded, and all elaborated on their randomization processes. We used a powerful calculation to determine the optimal sample size of retrieved studies. The results of quality assessments are listed in [Table 2](#t2-inj-1732646-323){ref-type="table"}.

Publication Bias
----------------

Funnel plots were used to produce a qualitative estimation of publication bias of the studies. All values of UI ([Fig. 2A](#f2-inj-1732646-323){ref-type="fig"}), MCC ([Fig. 2B](#f2-inj-1732646-323){ref-type="fig"}), and MDP ([Fig. 2C](#f2-inj-1732646-323){ref-type="fig"}) lie within the scope of the funnel plots and were evenly distributed on both sides of the central lines, which suggests there is no evidence of bias.

Efficacy
--------

### Mean number of UI episodes per day

Five RCTs representing 840 participants (534 in the onabotulinumtoxinA group and 306 in the control group) were included on the change of the mean number of UI episodes per day ([Fig. 3A](#f3-inj-1732646-323){ref-type="fig"}). The pooled overall MD of UI episodes per day for the onabotulinumtoxinA group versus the placebo group was -1.41 (95% CI, -1.70 to -1.12). There was a statistically significant difference between the 2 groups. The heterogeneity test (Cochrane's Q statistic P-value) result was P=0.14 and the Higgins' I^2^ value was 36%. For evaluation of dose factors that were associated with improvement of NDO, we also conducted subgroup analysis. The MD changes of UI episodes per day improvement were -1.38 (95% CI, -1.83 to -0.94) for 200 U and -1.42 (95% CI, -1.81 to -1.04) for 300 U. OnabotulinumtoxinA at 200 U and 300 U showed superior efficacy in reducing the mean number of UI episodes per day compared with placebo. Then, we further identified the differentiation between 200 U and 300 U of onabotulinumtoxinA using a meta-regression method using residual maximum likelihood ([Table 3](#t3-inj-1732646-323){ref-type="table"}). No obvious dose-dependent differences were found between the groups (P=0.974).

### Maximum cystometric capacity

Six RCTs representing 871 participants (551 in the onabotulinumtoxinA group and 320 in the control group) were included on improvement of MCC ([Fig. 3B](#f3-inj-1732646-323){ref-type="fig"}). The pooled overall MD of MCC for the onabotulinumtoxinA group versus the placebo group was 135.48 (95% CI, 118.22--152.75). There was a statistically significant difference between the 2 groups. The heterogeneity test (Cochrane's Q statistics P-value) result was P=0.51 and the Higgins' I^2^ value was 0%. For evaluation of dose factors that impact improvement of NDO, we also conducted subgroup analysis. The MD changes of MCC improvement were 140.38 (95% CI, 114.43--166.34) for 200 U, 136.56 (95% CI, 110.91--162.21) for 300 U, and 110.00 (95% CI, 56.52--163.48) for 500 U. These results suggested that onabotulinumtoxinA injection caused a significant increase in the MCC regardless of dose.

### MDP during first involuntary detrusor contraction

Six RCTs representing 871 participants (551 in the onabotulinumtoxinA group and 320 in the control group) were included on MDP improvement during the first involuntary detrusor contraction ([Fig. 3C](#f3-inj-1732646-323){ref-type="fig"}). The pooled overall MD of MDP during the first involuntary detrusor contraction for the onabotulinumtoxinA group versus the placebo group was -32.98 (95% CI, -37.33 to -28.62). There was a statistically significant difference between the 2 groups. The heterogeneity test (Cochrane's Q statistic P-value) result was P=0.86 and the Higgins' I^2^ value was 0%. For evaluation of dose factors that impact improvement of NDO, we also conducted subgroup analysis. The MD changes of MDP during the first involuntary detrusor contraction improvement were -32.71 (95% CI, -39.32 to -26.10) for 200 U, -31.85 (95% CI, -38.08 to -25.62) for 300 U, and -41.80 (95% CI, -57.64 to -25.96) for 500 U. These results suggested that onabotulinumtoxinA at 200 U, 300 U, and 500 U successfully reduced MDP during the first involuntary detrusor contraction compared with the placebo.

Adverse Events
--------------

### UTI and UR

For the UTI analysis, 5 RCTs representing 840 participants (534 in the onabotulinumtoxinA group and 306 in the control group) were included ([Fig. 4A](#f4-inj-1732646-323){ref-type="fig"}). The pooled overall OR of UTIs for the onabotulinumtoxinA group versus the placebo group was 1.68 (95% CI, 1.20--2.35). There was a statistically significant difference between the 2 groups. The heterogeneity test (Cochrane's Q statistic P-value) result was P=0.83 and the Higgins' I^2^ value was 0%. For the UR analysis, 3 of the RCTs representing 748 participants (479 in the onabotulinumtoxinA group and 269 in the control group) were included ([Fig. 4B](#f4-inj-1732646-323){ref-type="fig"}). The pooled overall OR of UR for the onabotulinumtoxinA group versus the placebo group was 6.80 (95% CI, 3.46--13.35). There was a statistically significant difference between the 2 groups. The heterogeneity test (Cochrane's Q statistic P-value) result was P=0.47 and the Higgins' I^2^ value was 0%. The results suggested that onabotulinumtoxinA was regularly associated with complications localized primarily to the urinary tract.

DISCUSSION
==========

The primary goals of NDO treatment are protection of the upper urinary tract by reducing the bladder pressure and UI \[[@b3-inj-1732646-323]\]. Intradetrusor injection of onabotulinumtoxinA results in a decreased risk of vesicoureteral reflux by reducing the proportion of UI and MDP. Therefore, damages to the upper urinary tract and kidney can be averted \[[@b15-inj-1732646-323]\]. Moreover, an increase in bladder capacity (as measured by MCC) means that the bladder can accommodate a larger volume of urine without involuntary losses \[[@b16-inj-1732646-323]-[@b19-inj-1732646-323]\].

OnabotulinumtoxinA was injected directly into the detrusor in all studies. Most studies reported sparing the bladder trigone, whereas 2 involved studies reported the injection of onabotulinumtoxinA into the bladder trigone without reporting severe complications \[[@b20-inj-1732646-323],[@b21-inj-1732646-323]\]. Moreover, evidence suggests that superior efficacy was obtained after combining injection into the detrusor and bladder trigone compared with intradetrusor injection alone \[[@b22-inj-1732646-323]\]. A recent study carried out by Hoag et al. \[[@b23-inj-1732646-323]\] showed that, intravesical onabotulinumtoxinA injection is feasible treatment for overactive bladder in orthotopic neobladders. Further studies are needed to determine whether single detrusor injection or combination with trigone injections increases onabotulinumtoxinA efficacy.

The analysis of pooled data demonstrated that onabotulinumtoxinA significantly reduced the daily frequency of UI and MDP during first involuntary detrusor contraction, and improved MCC in patients with UI due to NDO. These results are consistent with previous studies on onabotulinumtoxinA injection \[[@b16-inj-1732646-323],[@b21-inj-1732646-323]\]. Schurch et al. \[[@b5-inj-1732646-323]\] found that onabotulinumtoxinA 200 U and 300 U led to a considerable reduction in UI episodes, and improved urodynamic parameters and QoL compared with placebo. Cruz et al. \[[@b6-inj-1732646-323]\] found no obvious dose-dependent differences between the groups receiving 200 U and 300 U onabotulinumtoxinA injections with respect to continence. Ehren et al. \[[@b13-inj-1732646-323]\] noted that patients administered the maximum dose of tolterodine tablets would probably have benefited from a higher dose of onabotulinumtoxinA. Starting treatment with 500 U onabotulinumtoxinA may be a good strategy to allow rescue medication. Therefore, an ongoing effort to clarify the optimal dose of onabotulinumtoxinA injection is needed.

Interestingly, Ginsberg et al. \[[@b24-inj-1732646-323]\] found that improvements in UI, urodynamic parameters, and duration of effects were independent of the effects of antimuscarinic dugs after onabotulinumtoxinA treatment. This phenomenon could be explained by the mechanism of onabotulinumtoxinA. Data from studies in experimental animals \[[@b25-inj-1732646-323],[@b26-inj-1732646-323]\] suggest that onabotulinumtoxinA blocks release of different neuropeptides and neurotransmitters into the neuromuscular junction, and acts on both motor and sensory pathways \[[@b27-inj-1732646-323]\]. Therefore, onabotulinumtoxinA may be more effective in preventing activation of muscarinic receptors compared with antimuscarinic drugs \[[@b28-inj-1732646-323]\]. When the effects of onabotulinumtoxinA are observed in clinical practice, withdrawal of the concomitant antimuscarinic agent is recommended. Readministration of antimuscarinic agents is recommended as soon as the effects of onabotulinumtoxinA decrease \[[@b24-inj-1732646-323]\].

We noticed a comparable adverse events profile across treatment groups. The occurrence of UTIs in the NDO population is common, particularly in patients who have postvoid residual and are using clean intermittent catheterization (CIC) \[[@b3-inj-1732646-323],[@b29-inj-1732646-323],[@b30-inj-1732646-323]\]. A recent study of patients with NDO showed that UTIs were the most commonly diagnosed condition after onabotulinumtoxinA injection, impacting 29% to 36% of patients \[[@b31-inj-1732646-323]\]. In addition, the UR proportion increased significantly in the onabotulinumtoxinA group compared with placebo. Patients who did not use CIC at baseline were more likely than other patients to be associated with CIC initiation \[[@b32-inj-1732646-323]\]. To evaluate whether CIC initiation might possibly affect the QoL score, Chancellor et al. \[[@b19-inj-1732646-323]\] examined the changes in patients using CIC before treatment and in those who did not use CIC before, but initiated CIC after. Comparisons showed no significant difference. Ginsberg et al. \[[@b8-inj-1732646-323]\] found that improvements in the QoL score were similar in patients with or without CIC. Khan et al. \[[@b17-inj-1732646-323]\] revealed that the satisfaction with treatment of multiple sclerosis patients appeared to be independent of CIC initiation. These findings suggested that initiation of CIC has little influence on patients' perception of benefit from onabotulinumtoxinA treatment. We therefore consider UR induced by onabotulinumtoxinA injection to be less of a problem \[[@b29-inj-1732646-323]\]. Since UR is a risk of onabotulinumtoxinA treatment, patients not undergoing CIC before should be based only on careful individual evaluation of the benefits and risks. Overall, onabotulinumtoxinA treatment was effective with adverse events localized to the urinary tract.

All studies included in this meta-analysis were selected from randomized double-blind, placebo-controlled trials. The quality of the individual study in the meta-analysis was adapted to the quality-assessment scale we developed. Nevertheless, our meta-analysis had limitations. First, the number of studies included was limited: only 6 RCTs assessing the efficacy and adverse events of onabotulinumtoxinA injection were included. Second, there might be some publication bias, search bias, or selection bias. Third, assessment of the longer-term safety and efficacy of onabotulinumtoxinA injection cannot be obtained from a single meta-analysis. Therefore, more high-quality RCTs with larger patient cohorts are needed to ascertain the efficacy and safety of NDO treatment.

In conclusion, our meta-analysis suggests that onabotulinumtoxinA injection is an effective treatment for NDO symptoms with adverse events localized primarily to the urinary tract.
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###### 

Study and patient characteristics

  Study                                                  Age (yr), mean (range)   Men, n (%)   Intervention procedure            Inject site   Sample size   Dosage   Inclusion population                       
  ------------------------------------------------------ ------------------------ ------------ --------------------------------- ------------- ------------- -------- ---------------------- ----- ------------- --------------------------------------------------------------------------------------------------
  Schurch et al. \[[@b5-inj-1732646-323]\] (2005)        41.0 (20--72)            36 (61.0)    30, 1-mL injections               Detrusor      19            19       \-                     21    200 U/300 U   Patients with NDO for at least 6 weeks
  Herschorn et al. \[[@b7-inj-1732646-323]\] (2011)      42.9 (18--75)            34 (58.6)    30, 1-mL injections               Detrusor      \-            29       \-                     28    300 U         Patients with NDO for 1 month or greater, 1 or more UI episodes per day
  Cruz et al. \[[@b6-inj-1732646-323]\] (2011)           45.8 (18--80)            120 (43.6)   30, 1-mL injections, 2-mm depth   Detrusor      92            91       \-                     92    200 U/300 U   Patients with NDO for 3 months or greater, 14 or more UI episodes per week
  Ginsberg et al. \[[@b8-inj-1732646-323]\] (2012)       46.0 (18--80)            171 (41.1)   30, 1-mL injections, 2-mm depth   Detrusor      135           132      \-                     149   200 U/300 U   Patients with NDO for 3 months or greater, 14 or more UI episodes per week
  Apostolidis et al. \[[@b12-inj-1732646-323]\] (2013)   \-                       \-           30, 1-mL injections               Detrusor      17            \-       \-                     16    200 U         Patients with SCI and patients with cervical injuries were excluded, 14 or more UI episodes/week
  Ehren et al. \[[@b13-inj-1732646-323]\] (2007)         36.0 (21--66)            17 (54.8)    25, 1-mL injections               Detrusor      \-            \-       17                     14    500 U         Detrusor overactivity with urinary leakage for at least 1 year; and ability to perform CIC.

All patients were inadequately treated with antimuscarinic therapy.

NDO, neurogenic detrusor overactivity; UI, urinary incontinence; SCI, spinal cord injury; CIC, clean intermittent catheterization.

###### 

Quality assessment of individual study

  Study                                                  Allocation sequence generation   Allocation concealment   Blinding   Reporting bias   Intention-to-treat analysis   Other bias
  ------------------------------------------------------ -------------------------------- ------------------------ ---------- ---------------- ----------------------------- ----------------------
  Schurch et al. \[[@b5-inj-1732646-323]\] (2005)        A                                A                        A          A                Yes                           0% of dropout rate
  Herschorn et al. \[[@b7-inj-1732646-323]\] (2011)      A                                A                        A          A                Yes                           10% of dropout rate
  Cruz et al. \[[@b6-inj-1732646-323]\] (2011)           A                                A                        A          A                Yes                           1.4% of dropout rate
  Ginsberg et al. \[[@b8-inj-1732646-323]\] (2012)       A                                A                        A          A                Yes                           2.2% of dropout rate
  Apostolidis et al. \[[@b12-inj-1732646-323]\] (2013)   A                                A                        A          A                Yes                           6% of dropout rate
  Ehren et al. \[[@b13-inj-1732646-323]\] (2007)         A                                A                        A          A                No                            0% of dropout rate

A, All quality criteria met (adequate): low risk of bias.

###### 

Effects of moderators for urinary incontinence

  Variable          Urinary incontinence                                                
  ----------------- ---------------------- -------- -------- ------- ------------------ -------
  No. of patients   8                      -0.004   \-       0.001   -0.007 to -0.001   0.029
  Dosage                                                                                0.974
   200 U            4                      \-       -1.394   \-      -1.832 to -0.956   
   300 U            4                      \-       -1.425   \-      -1.808 to -1.041   

*k*, number of observations; MD, mean difference; SE, standard error; CI, confidence interval.

P-value of meta-regression using residual maximum likelihood.
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